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(2) 

1 

H^lSKOK^^x^^y^'^^rffi. 10 

; rn?? . 1 4>y4^^2 
v^^yiyi-yyijm. 

imm5} m^y^yy(^xm.msmttm 
m^mmi:.^<f>mm»iiif:y^yi-yy-rti^^x hx 

'/i'yy&s^iTyX'7'pizmtmmmm(^ 

■rs;r-A-xy^:^rga8-ciicns:ffl««»c:*cfc-r 

iafcESi<^K7>fx.yf->^^*ffi. 

lii*«6 1 x-yf-y^^ • i-^yj^i^^^^sK t 

[0001] ^mrn. ^mm.ffm^t::mm$ti 
sK^^fx^f-i-^rs^tiii/^KiiL. mzf^mu 

i^xh ■ rxi-(zxiii5\yr:rimnmizMLx^mt 

[0002] 

:gfl^jc#v\ ^m\^-jxh • rxi-kx<mmiijm^ 40 

b«<OiJ^^r< i: t> 2i^«PyX hJifc i&«a*^*>irc 

[0 0 0 3] ^<»i?>*lA::frfttL-CJ4. J. Vac. 
Sci.Tech. . 16, p. 1620(1979) 

izm^tiftsmui^xh • ru-^xifiht, z.tai. 

"fJaif^lKiTMi^-JXVm. SOG (Xty •:^y -ir 
=jx ) m<rmLl^ U ( s i O, ) Stm3&»^.=SrStt 50 
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2 

y'^lx. Zti^^x^ k tT'ewT<04>rai*«R I E 

(mm^^y -:c'yi-yy) izx*)^^:^--yt^^ 

it. ^f>izzcO'i>!Smi'?x^fttXTmi^i^xhmii^ 
H9>fxv^y^^Sit&. 

[00041 t^L^X. ±a<oTiiv->*;^b®<oK5-f 
x.yf-y^^{4. Oi ;yx^fflV^T^f*»*lTV^S. 
c:<oxyf-y^^lifi!<o*©»4. ©• {Wm^'J^A') 

*»O^N'>f TX ■ ^^-k V^ofc^fefrTT^f Jj-yco^i^ 
i*f^kie/NMTXSfilLVdc?&Jt^$*. :*;%^rA 

{:^xnm^^i:ms:tt(n^xS)i . 

[0005] bZ^i/i. A»*»5x y^y^^ft^OSffl 
k«>^:->TV»S» i*il4, *w^-xvf-y^n$fc:T}fi 

t\\ ^JMizm^h^cm^i/^b^iif^i^Xh 

i, iHpijm^btxii. fckifef. mssmm 

mmm:^^^ ( 1 9 s e^^^^) i^^^ 

p. 54 2, iSljl»^2p-Q-8-CiaS$ilSAl 

i<ottt:fc s i o, mismsai^yfXfy^^x^y) - 

m$:3\tmZLX\>^h, 
[0006] 

ima^^m^lXob^tWrn] ±j^Xo^j:XJ^'y:!' 

MmmfSi-ri>ai^M^:ty ■ Ji^iu^-mm' 
mmxi>i,zbiim&t£ifi^ ztixiim^cmm: 
fmrnifitimb^*). rnm^isrt. u*»t,«ttsr 
liijcox.y^y^'iaeaitfflcTtTtia. :L(0!smiiim 
■rtmbtxii, amsmmmtzbizx^. x 

»^:ty ■ :ii:^A'^-immm::ii'/^yinm.i1K& 
iy^j:^mBHziSm-h:ibim&^iiX\>^&. itbt 
tf. CI2 . HBr^<7)j\ciyymxbOi b(^m^ 
ifX^m^K RlS4^!|*rC&SCC 1. CB 

yi-yifmmco-mxiih, 
[0 00 7] jiEcoH^^xy^y^^:^^*. 
m.mmmmijmajjti'mx^hmb lt^i? 
iif^ifi. rmmff)mnzii',xii. ma^tift/^u 
yymxm^^zx *)wmMm(om^mti^m 
-r&c:kA»ffl->T#fc. tibtii. m4omj6fmm 
mm^rn^ ( 1 9 9 s^^^^) issiTf^P . 
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5 78, SCSS-^BOa-ZE-Stli. .-K>J>'i;ay 
KJi<^TJi^i^'>th®S:HBr/02 S^XfX-Srflav^t: 
x-yf-y^^Lfc^^t:, C. O. Si. BrS:««7^ 

^S-ffoTl^iLidtL-Ct. SiO, i4j£L-C^'? 
[0008] iZ-X^mii. mM-cm^izS^-th 

[0009] 

[0 010] *»9!<0H9>f Xy^y^'^ftJi. ±J«<0 

A«10iM5r:x/cin3 eLh<0T7X-75-^prffi=5rX 

[0011] CliT. safKr^xvktt. «3i®<or 
j^-^maLx^^vj-imimzLti*). mes^-? 

•rSvifcfciO. ^yxcoJilfili&sSfcflatL. svW^ 

[00 12]*>*»S10>W:t>'/cin3 WoCT)^ 
"«S*#t&T7X'70ft«cf«tUTtt, ECR7-7X 
V, A.y a^'atr^X'?, ICPdnductive 

lyCoupled P 1 a sma) , TCP (Tra 
nsformer Coupled Plasma)^ 

*n- • ry-mr^x-?^ ^oytDU^fmryX-? 



[0013] JJJ^^KfflPHlfci^^JSttaJi, X V 
i-yi^ • ;iyxt:**it5*-<o<t^«j*»^,«t|&3iiT 

tzhh\>MimLcn^(r>{t-^i)^i^mmLxm^tix 
s-fk^flj^oMfcLTtt. CO (-mmm) . co 

10 2 (OHO!*) . C5 O2 (ZmfcSI^) . COS 

, . [0014] tfz, m:i^Hitsmmm^yT'yi^--:^,^ 

hi:\\ S/^>fc:. mmm.^1lis¥'ttiiX\>^Xi>m^j: 

[0015] $^>t:. HRfc:K9'fx>yf->'^^t:fcv^T 

^r5:t-''<-Xvf->'^0^T*>63&»i9. rn-fex±<01 
*t LT±ax>yf-y^^J-v>x hx-/f-y:5^i:3r 

^Xvtl'tcJittS^i^^^O^jSik* S«>S c: i: 

[0016] Xyf-y^^ • ;«rxmi:£OI* 

^SittTfclK. :fefci«riiB«<0J:d=SrS««r9X 
■7^4^^ig^:K7^x^^y:?^t:tJV^T. x-y^ 
■ y^<(oi>imSAmtc^'J^^< t i.^a5^. 

■^mmmmt lxh. sica^v^y- ai-^^ 

[ 0 0 1 7 1 x-/f->^' • f-^y>^rtlM8JS» 

«t txii. :j^'f^yy • i-^yt^pm. -^^x^n • ^ 
M(y ■ XA--/^#fflfcj: OSS*S<#^«:«»&i-&a 
ifir'f :t>'SfiA»Bif?&}t^'?x-'N • 9'^y^'^^3.>\ • 
[00181 

[f^ffl] *«B8fc*JV^r««»f^Ji<^Xy^^yhi:L 

40 Ta<oi4, o' tf^^siisism^ffitta-cj>o. z 

C + xO COi t 

zzx. ±M(r>^m:^y^W^ii^ii^ 1 0i«-f :t 

y/cm3 ^^•C<0fi!3|®«7'7X-7ttJTjtffr5J©^ 

fcJi. 4^t;tco. Jl-eco^ix-yf-y^' - f-^wc 

tlS. L*»L, >f3r>'«S3il<10>M:t>'/cm3 <03t 
-y-JjUKOr^Xv+'Ca, 4j£L>tCO. A«SI!f«l 

50 'thzhifissmhipt^i'iXK^h, c:<^jiiarr4t 



5 

'7X*)i>)(l—7t(y ■ U-y-?- (carbon-rich) 

[0019] L*»t> . Cc^^^J^ifijUTtttt^tSi: 

atl^:t2.-.>-.*»-e#«.«ot. •'..-■ :> .-^u— /•ff.yi^'- 
[0020] ^HWrffiffliTig^rXy ^y^^ • L 

•mtf, ^««eife<o««s-«flWi.Tiifflw*xy 

[00211 C*Li:J4a»»=, Xyf-y^^ ■ ;{rxtcg*l^ 

h. SS^^*«3ain^it^x>/^yi5<RiSa^rt-e 
tt. Ri54j&!BjfctTC-Ote^Srl*o-(k^fc:Jn;t. 
c-Nt&&*»ofl:^«rt«tri«-&J:dt:=S:&. 2S^ 
^H^lS™&^x*;P=^F-^Jtt!rt?.i:. C-N|S^ 
(770kJ/mo 1 ) c0*3&<C-O«S^ <107 7k 
J/mo 1 ) J:'3fc/h§<. lfJli8IIU&v^fc#;lib*t 

[ 0 0 2 2 1 $ *-^n'-x yf-y^'SBrl^* 
A^t^^S. HRt:, K9-fx^^y^a:gtctsv^TfitI 

<OJ^S:J^S^Jf. x./f-y/3Seii^mSt»<0 
[0 0 2 31 2b&V^i'^-^''>x>^M<OI3^i:L■C, x 
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^^yy • ^-ryf'^mm'^m<^M*£< b t^at 

'jViDVbWkl^fi.^ . hh^^i^^y • 7.n^9^^ 
^^h:ibifix%h. tt^tf-yx. xyf^y^^oyx 

[00241 

imm] ar. *mf^iimimmiz':>\^xmm 
10 -rs. 

t0025]||tfeMl 

R (m^-t^^ohoy^) ikmtiO^S-frJti 

X'7S-f!lffltT2aB3K'J1»-^ KKJKOTeWi^'Xhe 
i&Xyf-y^^LfcWCfcS. i<07-n-bx^. aiS:# 

[00261 i-f , x-y^y^ . -^-yr/Wi: LTfflV^/i 
20 '>i>'\iHl (a) ^IcO'^xAfcfeV^'C. "f* 

i^^o- ■ M^y^M<^^4MSI««2Wgasn>t:S^ 

ximsTi^v-f^ mizxhy-hm&5ijfjm^tLX 
3 b±mm<oyfs i , {^y^fx^y • i^^J^>f k ) ii 

®li/tfci.tfCVD{cJ:0SiOj **iai§-^&vlfcfc 
J:Om:$ii^S i 02 JigHg»IS6C«[S$^7^ 
0. ^<0±fct±2SB!KU-9->fHIR936«®«SilTV^ 

30 i<7)2«a4fu-9->f Kii9a. T^wco^isav-y 
aymibimmcmsu m8bmm^tix^j:hi> 

[00271 $/i>t. Zff)2mB^*J^^ m9f:J^^ 

ti^ c:<o±t3Sv^soG+|srai lim&^ti. S^fc: 
JJil^i/'Xh ■>'N*;?-yi2*«)I<ji3g|S$ilTV^S, ^1 
Cl-C. IMTflPS^'Xhai 014. -flaffcL-C/^J^-y 

40 OFPR-800) im\>-^xmSil't:. 

V^m*«t-f&*<. «f#t:tJ»t&¥*^flW:«S«4*S>l. 
Oumbtt:, 

[0 0 281J:asOG«f^l 114, -0?i:tTSO 
G (*^SCi:3Stl3?:ffii!K&0 CD-Type 2) 
c: k J: 0 m^iiT . IBlMWJx 
h • v-t^-y 1 2J4. -mbLXitm&^ffi^ms 
mi^'JXh (>^TW-itS;i8jft«SAL-601) 
S:fflV^T«5*S>0. 5jLtm<r^S:}BjSt>;:fii. KrF 
SO X:^fj/V- W—- f • XT-y'''«*fflV^T»0. 3 5/ziniO 
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[ 0 0 2 9 ] iJck:. ±3^±MUi^x h • n9-y 1 2 

^^^yHzM^^V—YWmR I EiSSfflVK x-jrf- 

CHF3 aa 75SCCM 

O2 eS[5 8SCCM 

iSXB 6. 5Pa ( = 50mTorr) 

RFA'V- 700W ( 13. 56MHz) 

COXt yf-y^'tiO, 01 (b) tl^SilSidfcS 

OG+rai^t^'-y 1 1 aj&^jS^tUt. 

, L0Q3O1 Z^^:rJ\^'iiF?UTXmaS^<ry:nU<^^ 

hJBlO^Xy-fy^^Lfc. 

COSa 20 SCCM 

0. 27 Pa 

V-f^'aa^t*?- 900 W(2. 4 5GH 

z) 

RFA'-^TX -ny— 5 0 W (80 0kHz) 

•^xAaUffiiaS -50 X, 

it-i^-3iv^yy 100 % 

[0031] C:<OX.yf-:/^^Ttt. COA>A>»ai4 
ifiL/iO* . ^<0S^t J: Oxyf-y^^d^ifrr 

J:0^m«^3&«4lS$ii, 01 (c) fei^^liSJ: 
d^HS!M»aiSl 3*t^'«^->'fllfiiB±fc:S»*m<l^ 

lOaAggjS^ixfc. i;^;, i<Oft/\'>frxfl:(cJ:0'r 

lb. 10 0%t:i>aUi^-VN--x./^^:J^$-fi^o;ta-C 

t,, T«i«wsi, maiz^mmnmimmm 

[0 0 3 21 x^-fy^<RieRt:»6tt<0ifiSV^ 

[0033] ClO^, CKOTflV J^X h • .''C^-y 1 0 
ai&VX^'tLT2«B;K'J1^>f HIS9S-X yf-y^^ 
x.yf>^»T1^SOG+HJgy\-^'-y 1 1 a^ 

Tll^ vx h • A-^-y 1 0 a tl^L^. ±EfliS« 

gKi 3«. ;iff)r-/i^yymizmmzm^^ti. •^x 

[OO34liai0»2 

/COSa-&;«fXi&fflV^TfTV\ ip^::<D:ffx<D&^a. 

iv^x ^xyf■y^^i:>r->'^'-x^f•y^^lef: 



•y h L> -Mi: LTTiE<^^"CT®^i^X 1 0 * 
y>Xhx^f-y^^Lfc. 
[0035] 

O2 ess 10 SCCM 

COSsSft 10 SCCM 

;«rxE 0. 27 Pa 

W^'Oft/'C!?— 900 W(2. 45GH 

10 z) 

RF-»'?>fTX-^<»7- 50 W(800kHz) 

^■kLTtt. COS36»ii,*B!^UfcS *^ 

[ 0 0 3 6 1 ijCfc, ~mt UTTE<^^-C3r-A-X 

COSa 5 SCCM 

20 COSSa 15 SCCM 

ifXK 0. 27 Pa 

•7>f^'0«y'C»7- 900 W(2. 45GH 
z) 

RFfUrx- fV7— 25 W (800kHz) 

•^xAfj^WiaSf -5 0 -Q 

' :L<nWtC\i. cos;{r;^<oiSaJk^i'>xbx^^y 

-Xyf-y^<l^"Cfc» raVs^Xh • /t^-y 1 Oafl5 
[0037llllfiM3 

:<^0|-CI4. |niai<7)T«^i/xh -x-y^y^S-. I 
CPXyf-y^StCOz /N2 fi^;<fx$-ffli,^Tff 

JJBiCPXvf-y^^offllStrov^-C. a2*#!S 

[0038] Pi^ffxa-yi-yy • ^^y 

A'2 6 . i wc-y^y^^ • ^^yA2 6<^#»*«ia 
40 L. rtgh-:J'2 2^*^S^Btt<^)M*2 1 . ^L^m 
«c2 1 t:-frfl:§iTJt±ia5«g2 3 . Jiffix y f-y^< • 
yy<2 6«olBfi[B±ai^flllfi-rs^ESgS2 4 . CIO 
:ra^24i&^IiN-&^NW<ory7^2 5. Zff)T 

X-yf-y^ . 6iOrt«^^eJA:r|6lfc^^ 

34. x-yf-y^^ - f-^y^^26rt^5^RlB*lfil3&»^,x 

yi-y^^ifxmxtxoy/Wk^HiLaii^^itLiii 
ti>i!fxmm3o. ±i3JSffi2 3fe:*ri6jEastiTa5 

50 mffi<^Bi&«iaS'>x/N X-r->''28. C:«'>xA 
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[0039] itf5«lKfc:t5V^T. RF^2 UptyTV 

T->-2 5fc^f'7-4^9airr&t, g^^nysaif+Tm 

i^mffii:«Q:¥lf^rffirt-CIIIiKL-CXrx4H'i:<^3S 10 
IK5*«S5«)^»<1. C:<^)tS»v 10»W:t>/cin» 

a:.. ClCl-C. iSRFSji2 7fcRF€«33<0RF^ 

[ 0 0 4 0 J 36>*»& I C PX y f-yjJ^gi&fflVV -0! 
i: LTTEc^^-CTlWi/'X M 1 0 )&Xy f-:^^U 
fc. 

CO2 Sa 10 SCCM 

N2 JSft 20 SCCM 20 

;i5fXE 0. 4 Pa 

ryr-^-aj* 2 500 W(2. 2 MH 

z) 

RFy'?>frx-y<V- 200 W(2. 0 MH 
z) 

'^x-'N • Xx-v'aS -50 X, 

±amflgas 2 50 x: 

jf-A'-Xyf-y^^ 100 % 

ciciTtt. ife^^lJS»ri*/^xvf-y^^ttai(cjni.. 

Nt fc**tr^JjWSC-N^S-J#oRiE^?!j*< 30 

xvpoafis*«jfe<^^gM*rcfflv^jtE c Rr^xv i 9 

0, '>x>'NWMW^O^^J^ItK0«fflW^$n 

iiilcJ:'), 1 0 0%3i--A-x^^y^n$T 
t . TSVv'x h • n9-i/ 1 0 a<o»ifcje«M*tt 

[OO411llt([0l4 

x.y^y^^-^A'W'?<orta5flia3tr*>^> 40 

tt. lliSM3-c±atfcicPXyf-y^^<o^vy 
7-2 90tajftH«^, T;^5:^*»^^,SiC (vUny- 

[00421 Ji-yi-y^^^fstt^D-m^aTiZ^, 
COz as 20 SCCM 

;<rxE 0. 4 Pa 

r>T"1r^-h 2500 W(2. 2 MH 

z) 90 
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1 0 



z) 



200 W(2. 0 MH 



-50 
250 
100 



•c 

% 



[00431 ^(nx.y'i'yTimVM. ^yyr29ff) 

mmi^t> t, cmumk^tih w 1 1 i 0 . iBfi»^ 

»iif*i^S*i3t. Lfc*St>T. x^f-y^^- ;yxofflj« 
*5|ltfcM3i:liS^0CO2 <7)#*liiBmTifc&t:i)*»*» 

. [ 0 X -I I £LJi. *5fiy32 4«<0S!iiBi«ivt>'i:'5«'^T 

s<^«iK»«jfi. x^^y^^^sat^j&qffiaQesri&r* 

[00451 

[00461 #(c. ^wmm\izi:*)3mwjxv ■ 

[01 1 *^^SRAM<Oh'-/ hftlmlfflc^WxXh 

• njf-ymmGmLti.ru^xmi<nLLWm 
Lfc*«-:>-C*t«*ttBfiiiar*'3. (a)a2JIB;|f 
Uif-f HMitTBWv'xhS. SOGiffaii. JJil^ 

i;x V • n^-ymdmm^iitim.. ( b ) \i±m 

WJXV ■ y'?^'-yS:'7X^'i:LTSOG«l>HS3&«Xy 

[H2 1 *|«H«tffl Ut I C Px^^y^^HBOflllfi 
[flr^<^«l 
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10 ■ 




10a • 




11a- 


■ ■ SOGt^mMJi^f-y 


12 • 




13 • 




23 • 




24 • 




25 ■ 


• ry=r1r 
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26 ■ ••Xy^y^^f-A'>'A W ■••i>x>»N 

28 • • • -^xA • >^T-S^' P ■ -im^ryX-^ (ICP) 

29 • • • ^'^yr 
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